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Abstract

The current study utilized confirmatory factor analytic methods to investigate whether the sub-

scales of the Advanced Placement International English Language exam (APIEL) measuring

Writing, Speaking, Listening and Reading were invariant across two groups. Chinese (n=197)

and German (n=434) students comprised the two groups sampled. Since categorical responses

were observed on APIEL indicators, models were fit to the polychoric correlation matrix and the

matrix of asymptotic variances and covariances. PRELIS 2 was used to estimate the correlation

matrix and the asymptotic variances and covariances of the exam indicators; LISREL 8 was used

to perform confirmatory factor analyses (Joreskog & Sörbom, 1996). Results indicated that

while the factors comprising the APIEL are valid across groups, examinees did not interpret the

content of indicators equivalently across groups. Limitations and next steps are discussed.
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The Factor Structure of an English Language Proficiency Test

This study was undertaken to provide some information about the structural equivalence

on an English language proficiency test, the Advanced Placement International English

Language (APIEL) test, across two cultures. As this test continues to grow in its use

internationally, evidence about its validity with examinees of global representation is needed.

Therefore, this study was undertaken to begin the empirical examination of the structure of the

APIEL in examinees from Germany and China.

In the growing literature addressing the adaptation of tests into multiple languages and

cultures, there has been an increasing concern about the appropriateness of tests used in multiple

languages and cultures (van de Vijver & Poortinga, 1991). As a result of this growing concern,

guidelines were recently prepared by an international committee of psychologists under the

initiative of the International Test Commission (see, Hambleton, 1994; van de Vijver &

Hambleton, 1996).

Common errors may occur in the test adaptation process. Hambleton (1999) outlined four

aspects involving the entire assessment process that affect the valid inference of scores: (1)

construct equivalence, (2) test administration, (3) test format, and (4) speededness. Hambleton

described construct equivalence as the prerequisite for doing any cross-national, cross-cultural,

or cross-language comparisons. Therefore, this study examined the construct equivalence of an

English language proficiency examination.

Various methods have been used to evaluate construct equivalence. Hui and Triandis

(1985) suggest regression methods, item response theory (IRT) approaches, factor analyses, and

multidimensional scaling. Examples of applying factor analytic techniques to the examination of

cross-cultural construct equivalence exist (see van de Vijner and Leung, 1997).
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Of particular interest to the authors is the application of confirmatory factor analysis.

Because the purpose of this research was to examine whether the intended factors were

represented by the examinees' performance, confirmatory factor analyses (CFA) were

considered most appropriate. Examples of the application of CFA in the examination of construct

equivalence are found in the literature (e.g., Rock & Werts, 1979; Sireci, Fitzgerald, & Xing,

1998; Everson, Guerrero, & Laitusis, 1998).

The instrument used in the current study was the Advanced Placement International

English Language (APIEL) exam. The APIEL exam measures four constructs related to English

language proficiency: Listening, Reading, Writing, and Speaking. The exam was designed to

identify non-native speakers who can use English well enough to participate in regular classes at

an English-speaking university (The College Board, 1997). Listening and reading skills are

measured by multiple-choice questions, while writing and speaking skills are assessed by free-

response items.

The purpose of this study is to compare the factor structure of the APIEL exam across

two groups of examinees. Using multi-group confirmatory factor analysis, this study will

examine whether the factor structure is consistent between examinees from China and Germany.

As the expansion of an English language proficiency test moves into other countries across the

world, there is concern whether the constructs that were intended for this test are similar for

groups of examinees from different parts of the world.

Several hypotheses were examined in the current study. First, the theoretical 4-factor

model was examined in each ethnic group separately. Next, the invariance of the 4-factor

solution across groups was investigated. Finally, the invariance of the pattern of factor loadings

was examined. Since the English language test used in this study contains items that provide
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categorical responses, all hypothesized models were fit to the polychoric correlation matrix of

indicators and the asymptotic variances and covariances of those indicators.

Method

Participants

The present sample comprised 197 Chinese students and 434 German students. Exams

were administered to students in their native countries. Chinese students were examined in May

of 1999 whereas German students were examined in May of 1998. Examinees differed with

respect to AP grades on the exam (Chinese students, M = 2.62, SD = 1.04; German students, M

3.15, SD = 1.20) and scores on sub-scales (see Table 1).

Instrumentation and Procedure

The College Board first introduced the Advanced Placement International English

Language (APIEL) examination in 1997. The APIEL is comprised of two sections: multiple

choice and free response. The multiple choice section is made up of a Listening Comprehension

sub-scale containing 41 items measured in 35 minutes and a Reading Comprehension sub-scale

containing 39 items measured in 50 minutes. Each multiple choice item consists of an item stem

and 4 choices. The free response section also contains 2 sub-scales, Writing, which is made up

of two 40-minute essay questions and Speaking, which contains 5 questions measured in a total

of 15 minutes. Speaking questions are scored on a 5-point scale. Essay question 1 is scored on a

10-point scale and essay question 2 is scored on a 15-point scale. The total test score for the

APIEL examination is a weighted composite of scores on Sections I and II expressed on a 1 to 5

scale (Educational Testing Service, 2000).

The administration of these tests was conducted as part of the annual administration of

AP examinations throughout the world. Examinees from both countries were administered the
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same form of the test. However, the examinees from Germany took the test in 1998 and the

examinees from China took the test in 1999. In 1998 and 1999, there were 3,752 and 4,633 total

examinees throughout the world, respectively.

Likewise, the scoring was performed in the annual scoring sessions immediately

following the administration. Thus, the tests for the examinees from Germany and China were

scored in 1998 and 1999, respectively. Comparability of scores is accomplished by utilizing

common-item equating of the multiple-choice items, and an annual AP grade setting.

Multiple-choice responses are scored electronically. The multiple-choice items are

formula scored with a deduction of a fraction of a point for each incorrect response. Free-

response questions are scored using human scorers shortly after the administration in June. The

scorers represent school and University teachers from various institutions across the world.

Scorers are selected based on school locale and setting, gender, ethnicity, and years of teaching

experience. A Chief Faculty. Consultant (CFC), appointed for a four-year term, after serving for

one year as a CFC Designate, (1) supervises the scoring of the free-response section of the exam,

(2) acting as a major contributor to the development of the examination, and (3) communicates to

the scoring committee how the candidates responded to and performed on the free-response

portions of the exams.

The scoring of the free-response involves an extensive process. During the creation of the

free-response questions, preliminary scoring standards are produced. Before the actual scoring

takes place, the CFC prepares a draft of the scoring guidelines for each free-response question.

Next, immediately prior to scoring the CFC and various key test developers and scorers to

review and revise the draft scoring guidelines, and test them by prescoring randomly selected

student papers. Afterwards, the CFC and key scorers conduct training sessions for each free-

7



Factor Structure 7

response question, which are attended by all scorers. A scoring reliability study conducted in

1998 found the scoring consistency' between the operational scoring and a second experimental

scoring of a sample of 222 exams was 0.82.

The multiple-choice items showed an internal consistency of 0.89 using KR-20. For the

composite score, the lower-bound reliability estimate was 0.88 and the upper-bound estimate was

0.91 (Educational Testing Service, 1999).

Confirmatory factor analysis models were fit to the polychoric correlation matrices for

Chinese and German examinees (See Tables 2 and 3). PRELIS 2.3 was used to estimate the

correlation matrix and the asymptotic variances and covariances of the exam indicators; LISREL

8.3 was used to perform confirmatory factor analyses (Jireskog & Sörbom, 1996).

Results

Using confirmatory factor analytic (CFA) procedures (LISREL 8.3; Joreskog & Sorborn,

1999), the data were analyzed in two stages. First, the factorial validity of the APIEL was tested

separately for Chinese and German examinees. Model specifications and parameter estimates

are provided (See Figures 1 & 2). Second, the factorial invariance was of the APIEL was tested

across the two ethnic groups sampled. Analyses were conducted on both single items and

parcels of items. In accordance with recommendations provided by MacCullum and Austin

(2000) and Hu and Bentler (1998), assessment of model fit was based on the Standardized Root

Mean Square Residual (SRMSR), the Root mean Square Error of Approximation (RMSEA), and

the Non-Normed Fit Index (NNFI). Chi-square (X2) values were also reported but only used to

evaluate the fit of nested models because of well known problems associated with the influence

of sample size and other variables on chi-square values (Bentler & Bonnet, 1980; Marsh &

Hocevar, 1985; Hu & Bentler, 1988).

I Reader reliability was calculated as total variance-error variance / total variance.
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The CFA model in the present study hypothesized a priori that: (a) each indicator had a

non-zero loading on the APIEL factor it was designed to measure, and zero loadings on all other

factors, (b) responses to the APIEL exam were explained by 4 factors which all loaded on a

single higher-order factor and (c) the APIEL exam was factorial invariant across groups.

The hypothesized 4-factor model represented a statistically acceptable fit to data derived

from' the Chinese sample. Various indices supported the tenability of the hypothesized model.

For example, chi-square indicated a reasonable fit between the unrestricted sample polychoric

correlation matrix and the restricted polychoric correlation matrix (X2(6I) = 45.34, p = .93). The

SRMSR was adequate (.79). Likewise, the RMSEA value for the hypothesized model was 0.0,

with the 90 percent confidence interval ranging from 0.0 to 0.01 indicating that the model would

provide a good fit to the population polychoric correlation matrix if it was available (Browne &

Cudeck, 1993). Other fit indices also supported the 4 factor model (e.g. NNFI = 1.01).

. However, all fit indices are interpreted with caution due to the fact that several negative error

variances, Heywood cases, were estimated when the single group model was fit to the sample of

Chinese examinees.

The hypothesized 4-factor model did not provide an acceptable fit to the data from the

German examinees (X2(61) = 203.54, p < .05; RMSEA = .073; 90% C.I. for RMSEA = .062 to

.085). However, after freeing the error covariance between SPEAK4 and SPEAKS, the model

did provide an acceptable fit. The RMSEA of the new model was (.055) and the 90% confidence

interval for this index (.044 to .067) fell within the normal range (Byrne, 1998). Likewise other

indices supported the fit of the model (e.g. NNFI = .99; SRMSR = .071).

Using the methodology outlined by Byrne (1998), multi-group invariance of the APIEL

was investigated by testing a series of increasingly more restrictive hypotheses (see Table 4).
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Hypothesis 1, which tested the validity of the 4-factor structure, was supported. Most results

indicated a relatively good fit of the model to the data (SRMSR = .038; RMSEA = .041; 90%

C.I. for RMSEA = .029 to .053; NNFI = .99). However, chi-square was significant (X2(120 =

185.22, p < .05). Hypothesis 2, which tested the invariance of the factor loadings, was not

supported (4X2(9) = 135.98, p < .05)2. Based on the outcome of hypothesis 2, the invariance of

each factor loading was investigated individually. It was determined, based on evaluations of the

change in chi-square, that 3 of the 13 factor loadings were invariant. The following factor

loadings were invariant across groups: (a) the loading of Speaking on SPEAK2 (AX2(1) = 2.16, p

> .05), (b) the loading of Listening on ListeningPARCEL3 (AX2(1) = 0.9, p > .05) and (c) the

loading of Reading on ReadingPARCEL3 (AX2(1) = 1.19, p > .05).

Discussion

LISREL CFA procedures were used to test the factorial validity of the sub-scales of the

APIEL exam. The results demonstrated a well-defined factor structure yielding one general

APIEL factor, and 4 domains measuring English language proficiency- Writing, Speaking,

Listening and Reading. This factor structure was invariant across groups as revealed by fit

indices for Model 1. However the AX2, representing the difference between Models 1 and 2

(AX2(9) = 135.98), indicated that the pattern of factor loadings was not invariant across groups.

Since the equality of the factor loading matrix was not tenable, it was necessary to test for the

invariance of each of its individual parameters (Byrne, 1998). Tests indicated that only 3 of the

13 factor loadings were invariant across groups.

The major finding was that while the APIEL measured the same sub-scales, it did not

measure these constructs in the same units across groups (i.e. non-invariant factor loadings).

2 Change in chi-square (AX2) was the major criteria used to evaluate the test of invariant factor loadings because the
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Only 3 of the 13 indicators measured English proficiency in exactly the same way for both

Chinese and German examinees. Examinees responded to only one indicator for each of the

Speaking, Listening and Reading sections in the same way across groups; participants did not

interpret either of the indicators for the Writing section equivalently. This finding implies that

the strength with which most of the indicators measure the latent traits is different across the two

groups sampled. In general, the factor loadings of the latent traits on the indicators were higher

in the sample of Chinese examinees. The differential factor loadings across groups suggest that

the APIEL measured English language proficiency more accurately in the sample of students

from China.

Cultural differences in English teaching styles between China and Germany, (e.g.,

fragmented v. whole-language, respectively) may help to explain the greater degree of

measurement accuracy in the sample of examinees from China. Other possible explanations of

the higher factor loadings observed in the sample of students from China include: (1) the high

degree of dissimilarity between the Chinese and English language and (2) the greater exposure to

English in Germany (e.g. bilingual schools, proximity to English-speaking countries,

introduction of English at 5th grade, etc.). These possibilities may explain why indicators

measured latent traits more precisely in the sample of examinees from China.

The results of the current study are limited for several reasons. First, since the sampled

groups differed in the scores achieved on the test, invariance was evaluated across groups that

differed in both culture and ability. It is therefore more difficult to find invariance in this

situation. It may be worthwhile to re-test these hypotheses controlling for differences in ability

across groups. Second, the validity of our conclusions is threatened since examinees were tested

1 year apart. Third, while Heywood cases were not estimated in either of the multi-group CFA

model used to test this hypothesis was nested within the model used to test the invariance of the 4-factor solution.
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models, they were estimated in the single group model fit to the Chinese sample. Heywood

cases pose serious problems regarding the accuracy of parameter estimates and fit indices. As a

consequence the results of the single group CFA on the Chinese sample are interpreted with

caution. Further work is necessary in order to determine the effect, in any, that these estimates

had on the results of the multi-group analyses.

Based on the results of this study, the next steps would be first to expand the comparison

to examinees from other languages. For example, in order to test the hypothesis that the high

degree of language dissimilarity may have affected the factor loadings, the addition of students

from France (i.e., closer to students from Germany) and Japan (i.e., closer to students from

China) may provide insight.

A final suggestion would be to identify the instructional technique utilized by the

teachers of these students, and utilize this information in the analysis of the structural

equivalence across cultures and language groups. This may provide evidence about the

instructional effect on the observed factor structure.
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Table 1

Descriptive Statistics for APIEL Sub-scales

Sub-scale

Chinese Examinees

N

German Examinees

M SD Kurtosis M SD Kurtosis

ESSAY1 197 3.45 0.89 -0.27 434 3.73 1.16 -0.39

ESSAY2 197 4.50 2.88 -1.22 434 4.67 1.82 -0.48

SPEAK1 197 2.73 1.05 -0.17 434 3.00 0.99 0.24

SPEAK2 197 2.82 0.92 0.22 434 3.30 0.91 0.99

SPEAK3 197 2.84 1.00 0.08 434 3.10 0.93 0.50

SPEAK4 197 2.63 1.05 -0.46 434 2.25 1.13 -0.16

SPEAKS 197 2.85 1.08 -0.28 434 3.60 1.06 0.21

Listening PARCEL1 197 10.09 2.19 1.15 434 10.69 2.24 -0.11

Listening PARCEL2 197 9.36 2.81 -0.33 434 9.84 2.32 0.76

Listening PARCEL3 197 8.83 2.37 -0.34 434 9.51 2.34 -0.47

Reading PARCEL1 197 9.45 2.05 3.65 434 9.55 2.13 0.48

Reading PARCEL2 197 7.53 2.39 -0.03 434 8.07 2.76 -0.17

Reading PARCEL3 197 9.37 2.05 3.22 434 9.77 2.22 0.31
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Figure Caption

Figure 1. Path diagram and parameter estimates for the hypothesized 4-factor model for Chinese

Examinees.

Figure 2. Path diagram and parameter estimates for the hypothesized 4-factor model for German

Examinees.
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